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Coulomb’s Law and Electric Fields

COULOMB'S LAW: Suppose that two point charges, ¢ and ¢, are a distance r apart 1 va-
cuum. 1f ¢ and ¢ have the same sign, the two charges repel each other: if they have opposite

stns, they attract each other. The force expertenced by either charge due to the other 15 called a
Coulomb or electric force and 1t 15 given by Coulomb’s Law,

qq
Fy = kr—:1 (in vacuum)



As always 1n the 81, distances are meastred tn mefers, and forces tn newtons. The ST unit for chargg g 1
the coulomb (C). The constant k tn Coulomb’s Law has the value

b= 8988 x 10" Non*/

which we shall usually approx'male s 90 10 N-mZ/CZ. Otten, k 15 replaced by [ /47ey, where
(=883 x 10 o N i called th the permittivity of free space. Then Coulomb’s Law becomes,
N
Fﬁz—ﬂ (In vacuum)

by 7




When the surrounding medium 15 not a vacuum, forces caused by induced charges 1n the matertal
teduce the force between pornt charges. If the matertal has a dielectric constant K, then ¢, in Coulomb’s
Law must be replaced by Ke, = ¢, where ¢ 15 called the permittivity of the material. Then

- q kg
E_4mr. foE P

For vacuum, K = 1: for air, K = 10006
Coulomb’s Law also applies to untform sphertcal shells or spheres of charge. In that case, r, the
distance between the centers of the spheres, must be larger than the sum of the radu of the spheres.
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THE STRENGTH OF THE ELECTRIC FIELD () at a point is equal o the fore eaperiened

by a1
0er U

I

experience a force ¥ given by

I

it postive test charge placed at that point. Because the electric fild strength 15 a force

 charge, it 5 a vector quantty. The units of E are N/C or V/m

a charge ¢ 15 placed at a point where the electric field due to other charges i5 E, the charge will

iE:([ﬁ

negativ, i willbe oppositein dirction o B



ELECTRIC FIELD DUE TO A POINT CHARGE: To find E (the signed magnitude of E) due
to a point charge g, we make use of Coulomb’s Law. If a point charge ¢’ is placed at a distance
r from the charge ¢, it will experience a force

o tw (1
£ 47rrr2 q drre

But if a point charge ¢' is placed at a position where the electric field is E, then the force on ¢’ is
F F = q’E
Comparing these two expressions for Fy, we see that

I g
4me
Ths 1s the electric field at a distance r from a point charge g. The same relation applies at points outside

a finite spherical charge g. For ¢ positive, E is positive and E is directed radially outward from g¢; for g
negative, E 15 negative and E is directed radially mward.

E =



Solved Problems

Two corns lie 1.5 m apart on a table. They carry identical charges. Approximately how large 1s the
charge on each 1f a comn experiences a force of 2 N

Fr = (k/K)q,q,/r", gives (with K approximated as 1.00)
Ft (IN)15m)
th,?:fiz ST T v A
ko 910" Nom'/C
from which ¢ =2 x 107 C
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Three point charges are placed on the x-axis as shown i Fig. 24-1. Find the net force on the
~5 4iC charee due to the two other charges.

3.0 e C — 5.0 g C B0 e C

P D—>
+ - -+
O 20 cm p— 30 cm
= . =3
Fis Fes
—6 —6
Fps = (9.0 x 10° N-m2/¢2) 30 <10 O)B0x10 7€) 4,y
(0.20 m)>
8.0 x 107°C)(5.0 x 10°°C
Fes = (9.0 x 10° N-m?>/c2) 8:0.% )(5.0 x ) _40N

(0.30 m)*

From the diagram, the resultant force on the center charge is
Fp=Fpg —Fpz =40N-34N=06N

and it is in the +x-direction.



Compute (a) the electric field E m air at a distance of 30 cm from a point charge
g = 5.0 x 107, (h) the force on a charge ¢, = 4.0 X 107°C placed 30 cm from ¢, and (c)
the force on a charge g; = —4.0 x 107 C placed 30 cm from g, (in the absence of ¢,).

-9
(a) E=k3 = (9.0 x 10°N-m?/C?) >0 19 ?_C =0.50 kN/C
r (0.30m)
directed away from g,.
(h) Fp=Eqg, = (500 N/C)(4.0 x 107°C) =20 x 107N =0.20 uN

directed away from g.

(c) Fr = Eg; = (500 N/C)(=4.0 x 107°C) = =020 ;N



For the situation shown 1n Fig. 24-5, find (a) the electric field E at poit P, (h) the force on a
~4.0 x 107 C charge placed at P

i 5.0 cm P 5.0 cm 12
I}
F20 x 10°%C -50x10%C
q q k
£+ B =kl K )4 i)
1 fz F

where r; = r; =0.05 m, and |¢,| and |¢| are the absolute values of ¢ and ¢;. Hence,

9.0x 10" N-m’/C’

E= 2
(0.050 m)

(25%107°C)=9.0x10° N/C




(b) A charge g placed at P will experience a force Eqg. Theretore,
Fp = Eg=(9.0x 10° N/C)(-40 x 107 C) = -0.036 N
Supplementary Problems

If two equal charges, each of 1 C, were separated in air by a distance of [ km, what would be the force
between them?  Ans. 9 kN repulsion

Determine the force between two free electrons spaced .0 angstrom (10'1“ m) apart.  Ans. 23N
repulsion



What s the force of repulsion between two argon nuclet that are separated by 1.0 m (I{)"g m)? The charge

on an argon fucleus 1s +18e

Ans. 750N

Two equally charged balls are 3 cm apart i air and repel each other with a force of 40 uN. Compute the
chare on each ball. ~ Ans. 2nC

Three pomnt charges are placed at the followr

=4 em, -30uC at x=

2 cm, Find the

dar, A, (o) -D55N (015N

0 points on

0rce (1) on

he y-aus; +10)C 4

he -3.0,C charge,

=0, -30,C

b) on the -3.0,C



A poit charg of 3.0 107 C s place at te o ofcoorinate. ind the eetic el t the poi
v=30monthe vams.  Ans. ITKNCm-vdirection
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